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[57] ABSTRACT 
A shading correction device wherein in advance to the 
reading of the document image, shading correction 
coefficients are obtained from optic information from 
uniform re?ecting surface and stored in a memory ele 
ment such as RAM, and correcting the picture signal in 
accordance with the content of the memory element 
when the document is read. 

5 Claims, 18 Drawing Figures 
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SHADING CORRECTION DEVICE 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention broadly relates to an equip 

ment such as reproducing apparatus, facsimile and the 
like having a document reading apparatus incorporating 
a photoelectric conversion element and, more particu 
larly, to a shading correction device for use in the docu 
ment reading apparatus in equipments of the type men 
tioned above. 

2. Description of the Prior Art: 
Such a recording device has been known and used 

broadly as having a lamp for illuminating a document, 
an optical system including a re?ecting mirror and 
lenses, photoelectric conversion element such as a solid 
state image sensor or photodiode array to which the 
light re?ected by the document is applied through the 
optical system to form an image, a stylus electrode or 
the like by which an electrostatic latent image is formed 
in accordance with the electric signal derived from the 
image sensor and means for developing the electrostatic 
latent image to record the image. 

In this type of recording apparatus, the output from 
the image sensor is often made non-uniform even when 
the density of the document surface is uniform. Particu 
larly, the output at the marginal edge portions becomes 
lower than that at the central region. The reproduced 
image is darkened in the area of lower output to make 
the density of the reproduced image non-uniform. This 
phenomenon, generally referred to as “shading” is at~ 
tributable to the following reasons. 
(a) Uneven illumination and illumination fluctuation of 
the lamp for illuminating document. 
A ?uorescent lamp, for example, is used as the lamp 

for illuminating the document. Partly because the lamp 
has a de?nite length and partly because the intensity of 
light is lower at both ends than at the central portion 
due to the peculiar light-emitting mechanism. In addi~ 
tion, the ?uorescent lamp is gradually darkened at both 
ends thereof during long use. Furthermore, the illumi 
nation distribution is varied depending on the manner of 
mounting of the lamp. 
(b) Loss of light in lenses of optical system 
The quantity of light transmitted through a lens is 

‘lowered at the peripheral part of the lens in accordance 
with the cosine biquadratic law. For instance, the quan 
tity of light at the peripheral portion of the lens is as 
small as 78% when the image half angle is 20°. 
(0) Lack of uniformity in sensitivity of image sensor 
Due to reasons concerning fabrication or production, 

the image sensor such as the solid state image sensor, 
e.g. charge coupled device (CCD), and diode array 
often lack uniformity of sensitivity. 

Various countermeasures have been taken hitherto in 
order to correct the shading. For instance, it has been 
proposed to use a light disbribution board to reduce the 
intensity of light at the central portion of the lamp to the 
same level as that in the end regions thereby to unifor 
malize the intensity distribution over the entire length 
of the lamp. This countermeasure, however, is quite 
invalid against the blackening of the lamp at both end 
regions, although it is effective in the initial state of use. 
In order to compensate for the change in the intensity 
distribution due to blackening, it is necessary to fre 
quently readjust the light distribution board. 
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2 
It is also proposed, in order to accurately effect the 

correction, to place an image sensor which outputs the 
shading waveform in addition to the image sensor for 
reading the document and to make operation for com 
bining the image signal picked up from the document 
and the shading waveform. This countermeasure is also 
unsatisfactory because it cannot make compensation for 
the fluctuation attributable to the lack of uniformity in 
sensitivity of the photoelectric element or change in the 
sensitivity attributable to a change in the ambient tem' 
perature, although it can effectively be used for the 
correction of shading caused by the light source. 

Still another correction method employs the steps of 
illuminating a surface at a uniform illumination, making 
a photoelectric conversion of the light signal from the 
surface, conducting an A/D conversion to convert the 
analog electric signal to digital signal, storing the digital 
signal in a memory element, and reading the document 
while correcting the shading by the content of the mem 
ory. This method can provide a considerably high accu 
racy of correction. However, the conversion time of the 
A/D converter becomes shorter as the driving fre 
quency of the image sensor becomes higher. Thus, ordi 
nary A/D converters cannot satisfactorily cope with 
the demand for high-speed reading. In addition, it is 
necessary to employ memory element having larger 
capacity as the number of picture images is increased. 

SUMMARY OF THE INVENTION 

Under this circumstance, the present invention aims 
at providing a shading correction device in which, in 
advance to the reading of the document image, shading 
correction coefficients are obtained from optic informa 
tion from uniform reflecting surface and stored in a 
memory element such as RAM, and correcting the 
picture signal in accordance with the content of the 
memory element when the document is read. Accord 
ing to this arrangement, it is possible to effectively cor 
rect the shading attributable to a ?uctuation in the light 
distribution characteristics of the lamp clue to secular 
change or temperature change, as well as the shading 
attributable to the lack of uniformity in sensitivity of the 
image sensor. In order to determine the shading correc 
tion coefficients and to store the same in the memory 
element, it is necessary to employ a processing circuit 
operable at an extremely high speed, as well as a mem 
ory element having a high reading speed and large 
capacity. Such processing circuit and memory element 
are generally expensive. In addition, the access time is 
too long to achieve a high-speed reading. 

Therefore, according to the invention, the determina 
tion of the correction coefficients is made with reduced 
number of samples and during the outputting, the cor 
rection coefficients in the non-sampling period are de 
termined by an interpolator. In addition, during output 
ting of the correction coefficients, operation is made to 
determine the next correction coefficient. By making 
this parallel processing, it is possible to comply with the 
request for the high-speed reading. A higher accuracy 
of the correction can be achieved by varying the num 
ber of the samples for different regions in accordance 
with the shading characteristics . 

In order to improve the resolution in the reading, it 
has been proposed to use an image pickup device com 
posed of a plurality of image-forming lenses and images 
sensors, and a reading device adapted to compose the 
outputs from the photoelectric conversion elements. In 
the apparatus incorporating such image pickup device 
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and reading device, due to the cosine biquadratic law of 
the image forming lens, a shading waveform as shown 
by curve (a) in FIG. 1 is obtained when two image 
sensors are used. It will be seen that discontinuity of the 
shading waveform is generated at the point of composi 
tion. Therefore, the aforementioned correction method 
in which the shading correction coefficients are deter 
mined for sampling picture elements from the sample 
values and correction coefficients for the non-sampled 
picture elements are determined during the correction 
encounters the following problem. 
Namely, the shading correction coefficients for the 

picture elements in the vicinity of the composition point 
(seam), which are obtained through interpolator as 
shown by broken-line curve (b), largely differ from the 
ideal correction coef?cients which are shown by solid 
line curve (c). 

This problem would be overcome by arranging such 
that the shading correction is made for each image 
sensor to uniformalize the level before the composition. 
This method, however, requires two correction de 
vices, resulting in a raised cost of the apparatus. 

Accordingly, another object of the invention is to 
provide a shading correction device in which picture 
elements in the points of composition of a plurality of 
image sensors or the picture elements in the vicinity of 
such points are selected as the sample picture elements 
so that correct shading correction coefficients are ob 
tained even in the point of composition (seam). 
The aforementioned method in which the shading 

waveforms of all picture elements are subjected to A/ D 
conversion to effect the correction. This method, how 
ever, cannot cope with the demand for high-speed read 
ing as stated before. In another method, an abnormal 
picture element is corrected by an interpolator con 
ducted with the signals obtained from adjacent picture 
elements. This method is also impractical because it 
requires a complicated circuit and a long processing 
time. 

Accordingly, still another object of the invention is to 
provide a shading correction device having the follow 
ing functions of: determining the shading correction 
coefficients for sample picture elements through a ?rst 
scanning of a re?ecting surface; effecting a second scan 
ning of the re?ecting surface to obtain outputs from 
image sensors; correcting the outputs by means of shad 
ing correction coefficients for the used picture elements 
determined by an interpolator; detecting the position of 
any abnormal picture elements through comparison 
between the corrected signals and a predetermined 
reference voltage; determining the shading coefficients 
separately for the abnormal picture elements; and ap 
plying the shading correction coefficients for abnormal 
picture elements in the reading. According to this ar 
rangement, it is possible to conduct the interporator at a 
high speed even if the image sensor having abnormal 
picture element is involved. 
These and other objects, features and advantages of 

the invention will become clear from the following 
description of the preferred embodiments taken in con 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of shading waveforms and 
shading correction coefficients; 
FIG. 2 is a schematic illustration of a part of a docu 

ment reading device of a reproducing apparatus; 
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4 
FIG. 3 is an illustration of shading waveforms and 

shading correction coefficients; 
FIG. 4 is an illustration of interpolator method in 

accordance with the present invention; 
FIG. 5 is a circuit diagram of a shading correction 

device in accordance with the present invention, incor 
porated in a document reading apparatus; 
FIGS. 60 to 60 and FIG. 7 are signal waveform charts 

of signals available at different essential points in the 
shading correction device shown in FIG. 5; 
FIG. 8 is an illustration of an example of an interpora 

tor circuit in the shading correction device shown in 
FIG. 5; 
FIG. 9 is an illustration of another example of the 

document reading apparatus; 
FIG. 10 is a circuit diagram of another embodiment 

of the invention; 
FIG. 11 is an illustration of shading waveforms and 

shading correction coef?cients; 
FIG. 12 is an illustration of an interpolator method 

for calculating the shading correction coefficients; 
FIG. 13 is an example of the matrix; 
FIG. 14 shows a relationship between the Dither 

matrix and the input/output of the picture; 
FIG. 15 is an operation circuit of the other embodi 

ment of the invention; and 
FIG. 16 is a circuit diagram of still another embodi 

ment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 2 shows a reproducing apparatus having a docu 
ment reading apparatus of a movable document table 
type. In this reproducing apparatus, a document 2 
placed on a document glass plate 1 is illustrated by 
lamps 3, and the light re?ected by the document is 
conducted to an image sensor 6 through a mirror 4 and 
a lens 5. The light signal is then converted into an elec 
tric picture signal by means of the image sensor 6. In 
this embodiment, a white blank constituting a reflecting 
surface 7 is provided in a non-image forming region 
ahead of the document glass plate. 
As the document glass plate 1 is moved in the direc 

tion of arrow during reading of the document, a signal 
of waveform as shown by a curve A in FIG. 3 is ob 
tained from the image sensor 6 by the light reflected 
from the reflecting surface 7 by one scanning. This 
curve shows a shading waveform of the reading appara 
tus as a whole. In general, the image sensor is composed 
of n pels (n) pieces of unit elements). Therefore, the 
shading waveform is composed of minute units V1, V2 
. . . V,,. 

An explanation will be made here as to the method of 
determining the correction coefficient for correcting 
the shading. 
As shown in FIG. 3, a reference voltage VR (shown 

by straight line B) is optionally set with respect to the 
shading waveform. Values as shown by broken-line 
curve C are obtained by dividing the reference voltage 
V}; by the output voltages V] to V”. The values shown 
in the curve C are stored in a memory device such as 
RAM, as the shading correction coef?cients. Repre 
senting the driving frequency of the image sensor by (f), 
if the shading correction coefficients are to be obtained 
from the picture element signals from the white re?ect 
ing surface 7, it is necessary that the processing time per 
picture element is smaller than 1/ f. For instance, assum 
ing that the driving frequency (f) is 2 MHz, it is neces 
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sary to determine the shading correction coef?cient in 
quite a short time of 0.5 as. This in turn requires a pro 
cessing circuit of an extremely high processing speed. 
Insteadly of determining the correction coef?cients for 
all picture elements, it is proposed to determine the 
shading correction coefficients for sample picture ele— 
ments which are selected at a predetermined sampling 
pitch N. By so doing, it is possible to increase the re 
quired processing time to NX l/f and, hence, to achieve 
a higher speed of reading as compared with the method 
in which correction coefficients are obtained for all 
picture elements. 
As will be seen from FIG. 3, the shading waveform 

make large change at both end portions and a small 
change at the central region, so that a more accurate 
correction is achievable by adopting a smaller sampling 
pitch at both end regions than at the central region. The 
shading coefficients in the non-sampling period are 
determined by interpolator. 

Referring to FIG. 4, representing the shading correc 
tion coef?cients determined through sampling by A and 
B are representing the number of picture elements 
therebetween by (n), the variation AV of the shading 
correction coefficient between adjacent picture ele 
ments is expressed as follows: 

A-E 
n+1 

AV = n: number of picture elements 

FIG. 4 exemplarily shows the case where the number 
(n) is 2. Namely, there are two picture elements A; and 
A2 between two sampled picture elements. Therefore, 
the shading correction coefficients A; and A2 are ob 
tained as follows: 

The division operation for determining the variation 
AV takes much longer time than the subtracting opera 
tion for obtaining the values A; and A2. Therefore, the 
processing time in the interpolator circuit is ruled al 
most by the time length required for the division opera 
tion. This goes quite contrary to the demand for the 
high-speed operation. 
According to the invention, therefore, the variation 

AV in the next sampling is determined during the calcu 
lation of the coefficients A] and A2. By this parallel 
processing, the time length required for the processing 
in the interpolator circuit as a whole is reduced remark 
ably. 
A shading correction device in accordance with an 

embodiment of the invention will be explained herein 
under with reference to FIG. 5. 

Referring to FIG. 5, a control circuit 8 is adapted to 
produce a driving clock for driving the image sensor 6, 
as well as signals for starting and stopping the photoe‘ 
lectric conversion. A sample hold timing circuit 9 is 
adapted to produce a signal for varying the sampling 
density or pitch on the white re?ecting surface 7 in 
accordance with the driving clock for the image sensor 
delivered by the control circuit 8. A reference numeral 
10 denotes a sample hold circuit which is adapted to 
hold, only in the period in which the correction coef? 
cients are calculated in accordance with the timing 
signal from the sample hold timing circuit 9, the picture 
signal which is obtained through a photoelectric con 
version conducted by the image sensor 6. A reference 
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6 
numeral 11 designates a D/A converter adapted to 
effect a digital to analog conversion of the shading 
correction coefficients. An operation circuit 12 is 
adapted to make an arithmetic operation using the pic 
ture signal VX and the shading correction coef?cient 
Vy delivered by the D/A converter 11. A comparator 
13 is adapted to make a comparison between the refer 
ence voltage VR and the signal V0 obtained through the 
operation made by the operation circuit 12 and to pro 
duce an output H (High) level or L (Low) level in 
accordance with the result of the comparison. A refer 
ence numeral 14 designates a control circuit which is 
adapted to be started by the sample hold timing circuit 
9 and to successively turn on the analog switches of the 
D/A converter from the upper bit (MSB). The control 
circuit 14 makes a control as to whether the switch is to 
be kept on or turned off to proceed the process to the 
next switch, in accordance with the output from the 
comparator 13. A memory circuit 15 such as a RAM is 
adapted to store the status of switches of the D/A con 
verter controlled by the control circuit 14. A timing 
circuit 16 is adapted to produce a timing signal repre 
senting the timing of writing of the status of the 
switches of the D/A converter 11, i.e. the timing at 
which the shading correction coef?cient is to be written 
in the memory circuit 15. A timing circuit 17 is adapted 
for reading the shading correction coef?cient from the 
memory circuit 15. A reference numeral 18 denotes an 
interpolator circuit adapted to conduct an interpolator 
operation in accordance with the sampling density at 
which the shading correction coefficients read out from 
the memory circuit 15 are obtained thereby to deter 
mine the correction coef?cients of the picture elements 
between two adjacent sampled picture elements. An 
interpolator timing circuit produces a timing signal for 
the interporator operation performed by the interpola 
tor circuit 18. Switches S1, S2, S3 and S4 have contacts 
(a) and contacts (b). These switches are turned on to 
connect to contacts (a) during memorizing of the shad 
ing correction coef?cients and to connects to the 
contacts (b) when the document is read. The switching 
is made by a switching signal delivered by the control 
circuit 8. 

Hereinafter, an explanation will be made as to the 
memorizing operation of the shading correction coef?- _ 
cients. For the memorization of the shading correction 
coefficients, the switches S1 to S4 have been turned to 
connect to the contacts (a). The sample hold timing 
circuit 9 produces a sample hold signal as shown in 
FIG. 6c, in accordance with the driving clock (FIG. 6a) 
for the image sensor 6 issued by the control circuit 8 and 
the start/stop signal (FIG. 6b) for starting or stopping 
the photoelectric conversion. In FIG. 6b, the section P 
represents the period for memorizing the shading cor 
rection coef?cients while the section Q represents the 
period for reading the document. In the sample hold 
circuit 10, the output from the image sensor 6, i.e. the 
shading waveform obtained through the photoelectric 
conversion of the white re?ecting surface 7 is sampled 
when the sample hold signal takes the L level and is 
held when the same takes the H level. The sampling 
time delivered to the operation circuit 12, holding time 
and the sampling density are set as desired. 
On the other hand, the control circuit 14 starts to 

operate upon receipt of the sample hold signal delivered 
by the sample hold timing circuit 9. As the ?rst step, the 
analog switch of MSB in the D/A converter 11 is 
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turned on. In consequence, the D/ A converter 11 deliv 
ers the output signal V y, and a calculation V0: VX- Vy is 
conducted by the operation circuit 12 using one V X of 
the signals constituting the shading waveform held and 
outputted by the sample hold circuit 10. This signal V0 
is compared with the reference voltage VR in the com 
parator 13. The comparator 13 produces an output of H 
level when the reference voltage V}; is higher than the 
calculated voltage V0 and an output of L level when the 
refeference voltage is lower than the calculated voltage. 
The control circuit 14 keeps the analog switch in the 
present state when the output from the comparator 13 
takes the H level and proceeds the step to the next bit. 
If the output from the comparator 13 takes the L level, 
the control circuit 14 proceeds the step to the next bit 
after turning the switch off. This operation is continued 
down to the LSB, and the states of the switches are 
stored in the memory circuit 15. This operation is con 
ducted in synchronization with the internal clock of the 
control circuit 14 at timing as shown in FIG. 7. In the 
illustrated embodiment, the D/A converter 11 has a 
resolution constituted by 8 bits. The start signal is 
formed from the sample hold signal and the operation is 
started. The analog switch Q7 (M813) is turned on by the 
next clock and, by the subsequent clock, the output of 
the comparator 13 is set as indicated by an arrow. Si 
multaneously, the analog switch Q; is turned on. This 
operation is repeated down to the analog switch Q0. 
Then, a conversion completion signal is issued and, 
upon receipt of this signal, the shading correction coef 
?cient reading timing circuit 16 sets the addresses in the 
memory circuit 15, so that the states of analog switches, 
i.e. the shading correction coef?cients, are stored in the 
memory circuit 15. Note that the analog switch takes 
the on state and off state, respectively, when the Q takes 
the H level and L level,respectively. This operation is 
repeated in accordance with the sample hold signal. 
The number of operations for calculation of the shading 
correction coef?cient is set by the sample hold timing 
circuit 9. The storing of the shading correction coef?ci 
ents is thus completed. 

Hereinunder, an explanation will be made as to the 
shading correction during reading of the document. 

All of the switches S1 to S4 are turned from the 
contacts (a) to the contacts (b) by the stop signal issued 
from the control circuit shown in FIG. 617 at a moment 
t1 of completion of the memorization of shading correc 
tion coef?cient storing operation. Then, before the next 
start signal is produced at the moment t2, the data con 
cerning two shading correction coef?cients are read out 
of the memory circuit and interpolator operation is 
conducted with these coef?cients in the interpolator 
circuit 18. The interpolator operation will be described 
in detail with speci?c reference to FIG. 8 showing the 
detail of the interpolator circuit 18. The ?rst group A of 
data is held by a latch 20, while the second group B of 
data is held by a latch 21. The operation section 22 
calculates the difference (A-B) between the groups A 
and B of data. This value is delivered to a division cir 
cuit 23 in which the variation AV is determined as fol 
lows, in accordance with the number (n) of the picture 
elements between two adjacent sampled picture ele 
ments. 

These operations are performed in series in the period 
between the moment t1 and t2. 
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Then, at the moment t; of start of reading of the 

document, the switch S5 is turned on to connect to the 
contact (a), and the latch 26 delivers the value of the 
data A to the D/A converter 11. In the next timing, the 
switch S5 is turned to connect to the contact (b) and, at 
the same time, the latch 24 holds the value AV1 and the 
operation section 25 performs the calculation in accor 
dance with a formula A—AV1. The calculated value is 
held by a latch 26 and is delivered to the D/ A converter 
11. Consequently, the next calculation made in the oper~ 
ation section 25 is conducted in accordance with a for 
mula (A—AV1)—-AV1. The calculated value is held by 
the latch 26 and is delivered to the D/ A converter 11. 
Then, a next operation is made in accordance with a 
formula (A—2AV1)—AV1. The calculated value is then 
delivered to the D/A converter 11. Thereafter, the 
same operation is repeated n times in synchronism with 
the driving clock of the control circuit 8. The above 
described operation is conducted at timings in accor 
dance with the timing signals given by the interpolator 
timing circuit 19. > 
As the variation AV1 is held by the latch 24, subse 

quent two shading correction coefficients are read out 
from the memory circuit 15, and the second or subse 
quent variation AV; is determined in the same proce 
dure as the determination of the ?rst variation AV1. By 
conducting the calculation of the variation AVl and the 
calculation of AV; in a parallel manner, it is possible to 
shorten the time length of the processing performed by 
the interpolator circuit 18. 
The shading correction coef?cient issued from the 

interpolator circuit 18 is converted into analog signal by 
the D/A converter 11. This analog signal is then deliv 
ered to the operation circuit 12 where it is processed 
with the document signal VX issued from the sample 
hold circuit 10, and is outputted as the signal V0 after 
the correction. 

In the above-explained correcting operation, the 
curve C of the shading correction coefficients shown in 
FIG. 2 involves two sections at both side portions 
thereof, i.e. a section of A>B and a section of A<B. 
Therefore, the interpolator timing circuit 19 effects a 
switching of the content of calculation such that the 
operation section 22 performs the calculation B-A 
while the operation section 25 performs the calculation 
of A+AV. 

It is possible to perfectly correct the shading by con 
ducting the above-described shading correcting opera 
tion for each of the scanning cycle. 

In the above-described embodiment of the invention, 
the sampling is made at a constant interval. The con 
stant sampling interval, however, is not exclusive and it 
is possible to suitably vary the sampling interval such 
that the interval is rather coarse at the central region of 
the shading waveform and rather ?ne at both end re 
gions. It is possible further enhance the accuracy by 
arranging such that the correction coef?cient is ob 
tained at each picture element at each end region of the 
shading waveform or the correction coef?cient is deter 
mined speci?cally for the abnormal picture element. 
The accuracy of correction is limited by the nature of 
the circuit which performs the processing after the 
correction. For instance, when the intermediate tone is 
expressed by a method called Dither method, the limit 
of accuracy of correction is determined by the size of 
the matrix. In the described embodiment, the uniform 
re?ecting surface is constituted by a white reflecting 
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surface which is provided out of the picture of the doc 
ument. This, however, is not exclusive. 
As has been described, according to the invention, 

shading correction coef?cients are calculated in accor 
dance with a given formula from the light informations 
coming from the uniform re?ecting surface and are 
memorized in advance to the reading of the original 
image, and a shading correcting operation for correct 
ing the picture signal is made during reading of the 
document image by an interpolator using the above 
mentioned shading correction coefficients. It is, there 
fore, possible to accurately correct the shading attribut 
able to any ?uctuation of light distribution characteris 
tics of the lamp due to secular change, temperature 
change or the like, as well as the lack of uniformity in 
the sensitivity of the image sensor, thereby to ensure a 
higher quality of the reproduced image. 
The present invention is effective particularly when 

the recording is made at an intermediate tone. 
Furthermore, the invention permits a higher speed of 

the reading of document and, hence, a higher speed of 
recording, thanks to the use of the interpolator. 
FIG. 9 shows an essential part of a document reading 

apparatus of movable document glass plate type, in 
accordance with another embodiment of the invention. 
This device has a document glass plate 1 on which a 
document 2 which is illuminated by lamps 3 is placed. 
The light re?ected by the document is applied to image 
sensors 6, 6’ through a re?ecting mirror 4 and image 
forming lenses 5, 5’ to form a picture signal. A white 
re?ecting surface 7 is provided in the non-image area on 
the front part of the document glass plate 1. The lenses 
5, 5’ and the image sensors 6, 6' are arranged in pairs and 
disposed in the direction perpendicular to the sheet of 
FIG. 9. In this embodiment, two image sensors 6, 6' are 
used to permit the reading of the document at a high 
resolution. For instance, for reading an A4 size docu 
ment at a resolution of 16 dot/mm, the photoelectric 
conversion element has to have more than 3360 picture 
elements, as will be seen from the calculation of 210 
mm>< l6 dot/mm. It is extremely difficult to obtain a 
single image sensor having such a large number of pic 
ture elements. The above-mentioned resolution, how 
ever, can easily be realized by the use of two image 
sensors each having 2048 picture elements. The scan 
ning is conducted by moving the document glass plate 
in the direction of the arrow. 
FIG. 10 is a block diagram of a shading correction 

device in accordance with another embodiment of the 
invention, applied to the above-mentioned reading ap 
paratus of the invention. Referring to FIG. 10, a ?rst 
control circuit 38 is adapted to produce driving clocks 
for the image sensors 6, 6’, signal for composing the 
outputs of the image sensors 6, 6' and signals for starting 
and stopping the photoelectric conversion. A ?rst tim 
ing circuit 39 is adapted to set, in accordance with the 
driving clock delivered by the ?rst control circuit 38, 
the timing of sampling of the output from the image 
sensors 6, 6' during scanning of the white re?ecting 
surface. A reference numeral 40 denotes a composition 
circuit which composes the output picture signals from 
the sensors 6, 6’ at a composition timing which is given 
by the ?rst control circuit 38. A sample hold circuit 41 
is adapted to sample hold the output picture signal from 
the composition circuit 40 in accordance with the out 
put signal from the ?rst timing circuit 39. A D/A con 
verter for converting a digital input to analog output is 
denoted by a reference numeral 42. An operation pro 
cessing circuit 43 is adapted to make a predetermined 
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operation with the output picture signal VX from the 
sample hold circuit 41 and the output Vy from the 
D/A converter 42. A comparator 44 makes a compari 
son between a reference voltage V7‘ and the output 
V0 from the operation processing circuit 43. A 
second control circuit 45, which is adapted to be‘ 
started by the output from the ?rst timing circuit 
39, is adapted to set every bits from MSB to LSB 
of the D/A converter 42 in accordance with the 
output from the comparator 44. A reference numeral 
46 designates a memory element such as RAM in 
which the digital inputs to the D/A converter 42 
set by the second control circuit 45 are suc 
cessively stored. A reference numeral 47 des 
ignates a second timing circuit which produces 
timing signals for determining the timing of stor 

' age of the signals in the memory element 46. A thirdl 
timing circuit 48 is adapted to produce timing signals1 

’ for determining the timing of reading of the content in 

40 
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the memory element 46. An interpolator circuit 49 
makes an interpolator operation to determine the shad 
ing correction coef?cients of non-sampled picture ele 
ments using the data concerning the shading correction 
coef?cients of the sampled picture elements. A refer 
ence numeral 60 denotes an interpolator timing circuit 
which is adapted to set the timing of calculation and 
delivery of the shading correction coef?cients in the 
interpolator circuit 49. Switches S1, S2, S3 and S4 are‘ 
switchable in accordance with a switching signal frornj 
the ?rst control circuit 38, between contacts (a) for_‘ 
storage of the shading correction coef?cients and 
contacts (b) for the reading of the document. 
The shading correction device of this embodiment 

having the construction heretofore described operates 
in a manner explained hereinunder. 

Referring ?rst to the operation for storing the shad 
ing correction coefficients, switches S1 to S4 have been 
switched to connect to the contacts (a). The ?rst timing 
circuit 30 produces, as in the case of the ?rst embodi 
ment, a sample hold signal as shown in FIG. 6c, in ac 
cordance with the driving clock (FIG. 60) for the image 
sensors 6, 6’, as well as the start/stop signal (see FIG. 
617) for the photoelectric conversion. 
On the other hand, the composition circuit 40 com 

poses a series of signals as a shading waveform from the 
signals obtained from the outputs from the image sen 
sors 6, 6’, i.e. by the photoelectric conversion of the 
white re?ecting surface 7, and delivers the same to the 
sample hold circuit 41. More speci?cally, signals of 
waveforms shown by A, A’ in FIG. 11 are obtained as 
the outputs from the image sensors 6, 6. The curves A, 
A’ partly overlap each other but the output from the 
composition circuit 40 form one continuous signal as 
shown by solid line in FIG. 11. 
The sample hold circuit 41 samples this shading 

waveform produced by the composition circuit 40, 
when the sample hold signal takes the L level, and holds 
the same when the sample hold signal takes the H level 
and delivers the same to the operation circuit 43. The 
sampling interval and the timing of switching from the 
sensor 6 to the sensor 6' during the composition are 
determined beforehand to satisfy the following requi' 
sites. 

(1) The number of the picture elements used during 
the composition with the image sensor 6 and the num 
ber of the picture elements used in the composition with 
the image sensor 6’ must be multiples of the sampling 
interval or pitch. 
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(2) the sum of the number of the picture elements 
used in the composition with the image sensor 6 and the 
number of the picture elements used in the composition 
with the image sensor 6' must be greater than the total 
number of required picture elements. 
Assuming here that an A-4 size document (210 mm 

long) is read at a resolution of 16 dot/mm (total number 
of required picture elements being 3360) with two 
image sensors each having 2048 picture elements and 
that the sampling interval or pitch is 1/64 (one sampling 
in every 64 picture elements), the following two cases 
(1) and (2) are conceivable as meeting the aforemen 
tioned requisites. 

(l) 2048 (64X 32) picture elements of one of the image 
sensors 6, 6' and 1344 (64X 21) picture elements of the 
other. 

(2) 1644 (64X 26) picture elements of one of the image 
sensors 6, 6’ and 1728 (64x27) picture elements of the 
other. 
The setting (2) mentioned above can provide a small 

gradient of the shading to permit a better correction 
rate-by the correction through sampling, because the 
signals of the central region are used. 
The control circuit 45 starts to operate in synchro 

nism with the above-mentioned sample hold signal. At 
?rst, the MSB of the D/A converter 42 is turned on. In 
consequence, a signal éFS (full scale) is outputted from 
the D/A converter 42. Then, the operation circuit 43 
makes a calculation in accordance with the formula 
V0: V1- Vyusing the above-mentioned signal V yand the 
?rst sample value VX=V1 (see FIG. 11) of the shading 
waveform held in the sample hold circuit 41. This out 
put V0 is compared with the reference voltage Vr in the 
comparator 44. The comparator 44 produces an output 
of H level when the reference voltage Vr is higher than 
the output V0 and an output of L level when the refer 
ence voltage Vr is lower than the calculated value V0. 
The control circuit 45 proceeds the control to the sub 
ordinate bit without changing the state of MSB when 
the output from the comparator 44 takes the H level. To 
the contrary, when the output from the comparator 44 
takes the L level, the control circuit 45 proceeds the 
control to the subordinate bit after turning off the MSB. 
The same operation is conducted down to the LSB. 

This operation is conducted in synchronization with 
the internal clock of the second control circuit 45. An 
example of time chart of this control is shown in FIG. 7. 
In this case, it is assumed that the D/A converter 42 has 
a resolution of 8 bits. The starting signal is formed from 
the sample hold signal. As the setting is completed for 
switches from MSB down to LSB, the second control 
circuit 45 delivers a conversion completion signal to the 
second timing circuit 47. As a result, the second timing 
circuit 47 writes the set digital output from the second 
timing circuit 47 in the memory element 46. The above 
described operation is repeated in accordance with the 
sample hold signal by a number equal to the number of 
samples (m in VX=V1 to Vm), as will be seen from FIG. 
11. 

In the above-described operation, the digital setting is 
made in such a manner as to meet the condition of 
Vr=Vo, i.e. Vx-Vy: Vr=constant. 

Therefore, Vy is the shading coefficient itself and 
coincides with the curve C shown in FIG. 11. Thus, the 
memory element 46 stores shading correction coeffici 
ents for all picture elements. 
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12 
An explanation will be made hereinunder as to the 

operation during reading of the document, ie the shad 
ing correction operation. 
At a moment t1, the switches S1 to S4 are switched 

from the contacts (a) to the contacts (b) in response to 
the stop signal (see FIG. 612) from the control circuit 38. 
Then, before the next start signal is issued at a moment 
t2, the data V01 and V02 concerning the shading correc 
tion coef?cients at the ?rst and second sampling points 
are read out of the memory element 46 and the opera 
tion is performed by the interpolator circuit 49 using 
these data. The method of interpolator is substantially 
identical to that explained before in connection with 
FIG. 8. More speci?cally, the first data V01 is held by 
the latch 20 and then the second data V02 is held by the 
latch 21. As to the data V01 and V02 a reference shall be 
made to FIGS. 11 and 12. The operation section 22 
calculates the difference (Vol-V02) between the data 
V01 and V02. The next division circuit 23 conducts a 
calculation for determining the variation AV1 between 
adjacent picture elements on the basis of the number (n) 
of the non-sampled picture elements between two adja 
cent sampled picture elements, in accordance with the 
following formula. 

These operations in series are conducted in the period 
between the moments t1 and t2. At the moment t2 of start 
of the reading of document, the switch S5 has been 
switched to connect to the contact (a), while the latch 
26 holds the data V01. Therefore, the D/A converter 42 
receives the ?rst data V01. In the next timing, the switch 
S5 is turned to connect to the contact (b) and, at the 
same time, the variation AV1 is held by the latch 24 and 
the operation section 25 delivers an output signal 
V01 —AV1. The latch 26 holds this output and delivers 
the same to the D/A converter 42. As a result of the 
renewal of the content of the latch 26, the operation 
section 25 performs a new calculation in accordance 
with the following formula. 

The latch 26 again holds this calculation result, and 
delivers the same to the D/A converter 42. Then, an 
operation is made in accordance with the following 
formula. 

The result of this operation is delivered to the D/A 
converter 42. Similar operation is repeated in synchro 
nization with the driving clock from the second control 
circuit 38, and the results are delivered to the D/A 
converter 42. The above-described interpolator opera 
tion is performed by timing signals from the interpola 
tor timing circuit 60. 
At the moment at which the variation AV1 is held by 

the latch 24, two correction coef?cient data necessary 
for the next interpolator operation are read from the 
memory element 46, and the second variation AV; is 
determined by the same process as the variation AV1_ 
parallel processing of the variation AVl and the varia 
tion AV; is made for shortening the time of processing 
performed by the interpolator circuit 49. In conse 
quence, the interpolator by the newly calculated varia 
tion can be made in a faster manner. 
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The shading correction coefficient outputted from 
the interpolator circuit through the above-described 
operation is turned into analog signal by the D/A con 
verter 42. Then, the operation circuit 43 makes an oper 
ation with the analog signal outputted from the D/A 
converter 42 and the document signal Vx outputted 
from the sample hold circuit 40, and the result of the 
operation is outputted as the corrected picture signal 
V(). 

In the above-described correcting operation, when 
two image sensors are used as shown by C in FIG. 11, 
representing the shading correction coefficient of adja 
cent sampled picture elements by VK1 and VK2, respec 
tively, the relative magnitude between these signals is 
varied depending on the position as VK1>VK2, 
VK1<VK2, VK1 >VK2 and VK1<VK2. Therefore, in 
the the region of VK1<VK2, the operation section 
performs a calculation of VKg-VK] while the opera 
tion section 25 performs a calculation of VKH-AV. 
The switching of the content of calculation is per 
formed by the timing circuit 60. 
By effecting this shading correction for each scan 

ning, it is possible to perfectly eliminate the shading 
even when a plurality of image sensors are used to im 
prove the resolution. In addition, since the shading 
correction coef?cients are obtained not for all of the 
picture elements but only for selected picture elements 
at a predetermined sampling interval or pitch, the pro 
cessing time is shortened remarkably to permit a high 
speed reading as compared with the method in which 
the correction coefficients are determined for all picture 
elements. 

In the described embodiment, the sampling interval in 
the determination of the shading correction coefficients 
is selected to be l/ 64 (one sampling for every 64 picture 
elements). The sampling interval, however, need not 
always be constant and may be varied suitably in accor 
dance with the amount of change of the shading wave 
form or in accordance with the resolution of the reading 
of document. 
The accuracy of the shading correction can be fur 

ther enhanced by determining the correction coefficient 
speci?cally for the abnormal picture element. 

In the described embodiment, the content of the oper 
ation is a multiplication and the image signal is directly 
corrected. This, however, is not exclusive. For instance, 
if the socalled Dither method is used, the shading cor 
rection in accordance with the invention may be made 
by correcting the Dither threshold value. For example, 
if a 4X4 matrix as shown in FIG. 13 is used as the 
Dither matrix, a relationship as shown in FIG. 14 is 
obtained between the Dither matrix and the input/out 
put of the picture. More speci?cally, when the image of 
a uniform density is taken, although a constant value (a) 
is obtained theoretically, the actual output is deformed 
as (b) due to a shading. In order to obviate the influence 
of the shading, it is necessary to correct the Dither 
threshold value from solid line (0) to broken line (d) for 
each scanning, in accordance with the shading wave 
form. By effecting such a correction, a condition as 
shown in Table attached to the lower part of FIG. 14 is 
obtained, so that the same effect is produced as that 
produced by correcting the image signal (b) to (a). 
The correction of the Dither threshold value is con 

ducted in a manner explained hereinbelow. 
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Dither threshold value/shading correction 
coef?cient=Dither threshold value after 
correction 

The operation circuit can be modified as shown in 
FIG. 15. The switch SW1 is turned to connect to the (a) 
contact during determination of the shading correction 
coefficient, and is connected to (b) contact during the 
Dither processing. By incorporating the D/A converter 
for shading correction coef?ent and the operation cir 
cuit, it is possible to correct the Dither threshold value 
digitally. 
The limit of correction accuracy depends on the 

circuit for processing after the correction. For instance, 
when the intermediate tone is expressed by Dither 
method, the correction accuracy is determined by the 
size of the matrix. 
Although the uniform re?ecting surface in the de 

scribed embodiment is a white reflecting surface pro 
vided at the nonimage region, this is not exclusive. 
The sampling need not be essentially made at picture 

elements on the point of composition but also made to 
select picture elements in the vicinity of the point of 
composition. 
As has been described, according to the invention, it 

is possible to accurately determine the shading correc 
tion coefficient even when a plurality of image sensors 
are used. In consequence, the quality of picture is im 
proved through adequate shading correction. The de 
scribed embodiment, therefore, can suitably be used 
particularly when the reading is made at a high resolu~ 
tion. 

FIG. 16 is a block diagram of a shading correction 
device in accordance with still another embodiment of 
the invention. A ?rst control circuit 68 is adapted to 
produce driving clock for the image sensor 6 and start/ 
stop signal for photoelectric conversion. A ?rst timing 
circuit 69 is adapted to set the timing of sampling of the 
output from the image sensor 6 during scanning of a 
white re?ecting surface 7, in accordance with the driv 
ing clock outputted from the ?rst control circuit 68. A 
sample hold circuit 70 is adapted to make a sample hold 
of output picture signal from the image sensor 6 in ac 
cordance with the output signal from the first timing 
circuit 69 or from a later-mentioned fourth timing cir 
cuit 80. A reference numeral 71 designates a D/A con 
verter for converting a digital input to an analog output. 
An operation circuit 72 is adapted to make a predeter 
mined calculation or operation using the output picture 
signal VX from the sample hold circuit 70 and and the 
output Vy from the D/A converter 71. A reference 
numeral 73 designates a comparator adapted to com 
pare the output V0 from the operation circuit 72 with a 
reference voltage Vr or Vr'. A reference numeral 74 
designates a second control circuit which is adapted to 
start to operate by the output from the first timing cir 
cuit 69 or a later~mentioned fourth timing circuit 80 so 
as to set the bits of the D/A converter 71 from MSB to 
LSB in accordance with the output from the compara 
tor 73. A reference numeral 75 denotes a memory ele 
ment such as RAM in which the digital inputs to the 
D/A converter 71 set by the second control circuit 74 
are written successively. A second timing circuit is 
adapted to produce a timing signal determining the 
timing of writing in the memory element 75. A third 
timing circuit 77 is adapted to produce a timing signal 
which determines the timing of reading out of the mem 
ory element 75. An interpolator 78 is adapted to make 
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an interpolator operation to determine the shading cor 
rection coef?cients of non-sampled picture elements 
from the shading correction coef?cients for the sampled 
picture elements. 
A reference numeral 79 denotes a interpolator timing 

circuit adapted for setting the timing of operation for 
determining the shading correction coefficient in the 
interpolator 78, as well as the timing of delivery of the 
shading correction coef?cient. A reference numeral 80 
denotes a fourth timing circuit for delivering to the 
sample hold circuit a signal for holding the signal of the 
abnormal picture element for a time length longer than 
the processing time. A reference numeral 81 denotes a 
counter for counting the driving clock from the ?rst 
control circuit 68. A latch 82 is adapted to temporarily 
store the content of the counter 81 upon receipt of the 
signal from the comparator 73. A comparator 83 is 
adapted to judge whether the content of the counter 81 
is equal to the value of the latch 82. A memory element 
84 is adapted to store the shading correction coef?cient 
obtained with the abnormal picture element. A refer 
ence numeral 85 denotes a ?fth timing circuit adapted to 
produce a timing signal for setting the time of writing in 
the memory element 84. A reference numeral 86 de 
notes a sixth timing circuit adapted to deliver the timing 
signal for setting the timing of reading from the memory 
element 84. Switches S1 to S10 are adapted to be 
switched by the ?rst control circuit 68. 
The shading correction device having the described 

construction operates in a manner explained hereinun 
der. Referring ?rst to the operation for storing the shad 
ing correction coef?cient, switches S1 to S10 have been 
switches to connect to the contacts (a). A ?rst timing 
circuit 69 produces a sample hold signal as shown in 
FIG. 6c, in accordance with the driving clock (FIG. 6a) 
for the image sensor 6 issued from the ?rst control 
circuit 68 and the photoelectric conversion start/stop 
signal (FIG. 6b). The sample hold circuit 70 samples 
and holds the shading waveform given by the image 
sensor 6 when the sample hold signal takes L level and 
H level, respectively. When the sample hold signal 
takes the H level, the shading waveform is delivered to 
the operation circuit 72. The second control circuit 74 
starts to operate in synchronization with the sample 
hold signal. Firstly, the MSB of the D/A converter 71 
is turned on, so that the D/A converter 71 produces a 
signal Vy of 178 FS (full scale). Then, the operation 
circuit 72 performs an operation of V0: V1. Vy‘using the 
above-mentioned signal Vy and the ?rst sample value 
Vx= V1 of the shading waveform stored in the sample 
hold circuit 70. This output V0 is compared by the com 
parator 73 with the reference voltage Vr. The compara 
tor 73 produces an output which takes I-I level and L 
level, respectively, when the reference voltage Vr is 
higher and lower than the calculated value V0. When 
the output takes the H level, the control circuit 74 pro 
ceeds the process to the next bit without changing the 
state of MSB. To the contrary, when the output takes 
the L level, the process is advanced to the next bit after 
turning the MSB off. Similar operation is continued 
down to LSB, and the set digital output of the second 
control circuit 74 is written in the memory element 75. 
This operation is conducted in synchronization with the 
internal clock of the second control circuit 74 in accor 
dance with a timing chart which may be, for example, 
the same one as that shown in FIG. 5. It is assumed that 
the D/A converter has a resolution of 8 bits. The start 
signal is formed from the sample hold signal. As the 
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setting is ?nished for all switches starting with the MSB 
and ending with the LSB, the second control circuit 74 
delivers a conversion completion signal to the second 
timing circuit 76. In consequence, the second timing 
circuit 76 writes the set digital output of the second 
control circuit 74 in the memory element 75. This oper 
ation is repeated in accordance with the sample hold 
signal, by a number equal to the number of the sampling 
(m in Vx=V1 to Vm) (see FIG. 1). 
The digital setting in the above-described operation is 

made to satisfy the following conditions. 

Therefore, the Vy is the shading correction coef?ci 
ent itself and constitutes the curve (b) in FIG. 1. Thus, 
the memory element 75 stores the shading correction 
coef?cients of all sampled picture elements. 
As the storage of the shading correction coef?cients 

for all sampled picture elements is ?nished, the switches 
S1, S1, S3, S5, S9 and S10 are turned to connect to the 
contact (b) to make the detection of abnormal picture 
element. This detection is made while determining the 
shading correction coef?cients of non-sampled picture 
elements by means of the interpolator 78. More speci? 
cally, two data of shading correction coef?cients are 
read out of the memory element 75, and the interpolator 
78 performs an interpolator with these two data, in the 
same manner as that described before in connection 
with FIG. 8. Namely, the ?rst data V01 out of two data 
concerning the correction coef?cients is held by the 
latch 20, while the other data V02 is held by the latch 21. 
As to the nature of the data V01 and V02, a reference 
shall be made to FIGS. 1 and 12. The operation section 
22 calculates the difference (Vol-V02) between two 
data V01 and V02 and the division circuit which receives 
the different makes a calculation to determine the varia 
tion between adjacent picture elements in accordance 
with the number (n) of non-sampled picture elements as 
follows. 

This series of operation is performed on the period 
between the moment t1 and the moment t2. 
At the moment t; at which the reading of the re?ect 

ing surface 7 for the detection of abnormal picture ele 
ment, the switch S5 is turned to connect to the contact 
(a), and the data V01 is held by the latch 26 and deliv 
ered to the D/A converter 71. In the next timing, the 
switch S5 is turned to connect to the contact (b) and, at 
the same time, the latch 24 holds the variation AV], 
while the operation section 25 outputs the value 
V01—AV1. The latch 26 holds this value and delivers 
the same to the D/A converter 71. As a result of the 
renewal of the content of the latch 26 the operation 
section 25 makes a new calculation in accordance with 
the following formula. 

The latch 26 holds the calculation results and delivers 
the same to the D/A converter 71 again. As a result, a 
next calculation is made in the operation section 36 as 
follows. 






